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In earlier heavy oil engines the ignition of the oil was effected by flash or other separate agency. A noted German chemist, the late Dr. Diesel, modified this, and it was largely as a consequence that the use of heavy oil became possible in engines of suitable power and weight for submarine propulsion. When air is compressed it becomes heated, as can easily bo tested by the use of a tyre pump. He therefore introduced the principle of compressing the air for the cylinder to a pressure of about 500 Ibs. per sq. in.; this raised its temperature to about 1,500 deg. F. It is only necessary then to spray oil into the cylinder with highly-compressed air in order to ensure combustion; there is no need for separate ignition with its attendant disadvantages. As only air is contained above the piston at the full height of its stroke, there can be no premature ignition with serious troubles accruing. Tho impulse to the piston is more gradual because of the gradual combustion of the charge, and consequently there is less variation in stress on the working parts and bearings. The oil engine, as at present designed, is undoubtedly heavier than steam turbine installations in high-speed vessels. A fair figure for tho oil engine would be 90 Ibs. per horse-power, and for corresponding machinery of tho steam turbine type 45 Ibs. per horse-power. One pound of oil, however, used in the oil engine gives more than double tho power developed by tho steam .turbine, tho consumption of oil being about J-lb. per horse-power in the oil engine, while for the steam turbine installation at full power the consumption of oil in tho boiler is about 1*4 Ib. per horse-power, and more at small power. To ensure the same radius of action, it follows that there must be carried in the "steam-propelled boat nearly thrice the fuel necessary in an oil-engine propelled ship.
An interesting departure was made, prior to the outbreak of the war, in the adoption of turbines instead of oil engines for driving submarine boats on the surface, the turbines being used when desired, as in the case of the oil engine, for generating electricity to recharge storage batteries. This change, because of its potentialities is regarded as of great importance. Four turbine-driven submarine boats have been built for the French Navy. Two are of about 900 tons displacement, and the turbine engines, driving twin-screws through gearing, are to be collectively of 4,000 s.h.p. ; the two others are slightly lamer- and of 5,000 s.h.p. The weight
of the turbine installation is said to be 00 per cent, of that of the oil engine.
The difficulty experienced in the early steam-driven submarines was that the closing down of the boiler occupied a comparatively long time; but with the modern " express " water-tube boilers of rapid evaporative quality, using oil fuel, tho volume of steam or water in the boiler at any time is very small, and the supply of fuel to the furnace can bo instantly cut off, so that the time taken to damp do\vn may not be much greater than that taken at present to change over from oil-engine drive to electric drive, and otherwise to prepare tho vessel for diving. The question, too, of heat may be overcome by insulation. There may, however, be greater difficulty in raising full pressure of steam in the boilers when tho submarine boat returns to the surface.
Steam machinery may require more numerous and larger hull openings, and more top hamper, such as funnels, air-intakes, etc., will bo necessitated, since a larger volume of airds required. Special gear will have to be devised for closing these apertures rapidly and effectively.
The subject of closing down and diving is one requiring the greatest experience in order to-secure safety and rapidity. In ordinary practice submarines dive with a reserve of buoyancy, varying according to the design of the particular boat. This change in buoyancy from the surface to tho submerged condition is effected by the filling with water of certain compartments. When the boat has reached a predetermined stage, so far as the degree of buoyancy is concerned, if she is not under way the electric motors are set in operation to give a forward movement, when, by the use of horizontal planes, the ship dives, the angle varying with tho length of the ship, its speed and the area and angle of the planes. These planes, which are well seen in the illustration on page 117 and are controlled from inside the boat, may be placed at an angle with tho direction of How of the water, the result being a perpendicular thrust sufficient to overcome the pre-arranged reserve buoyancy. So long as the boat travels with the planes set at an angle to the horizontal the downward thrust remains effective,, and the boat is able, under submerged control, to dive or rise as the angle of tho planes is increased or decreased, the whole being a balance of forces at all times. For the same reason it is necessary for the vessel, even when submerged on an even keel, to keep moving, in